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INTRODUCTION

How to Use This Manual

This manual contains the information needed to become a certified commercial applicator in Category 6a
Ornamental Pest Management. This manual is intended for use in combination with the Pesticide
Applicator Core Training Manual (Extension Bulletin 825), available through the Ohio Department of
Agriculture Office. However, this manual would also be useful to anyone interested in learning more
about forest pest management.

Category 6a Ornamental Pest Management, covers the management and control of common forest
pests in natural stands, plantations, Christmas tree operations, and nurseries. Basic scientific
information is presented on Ornamental ecosystems and pest life cycles. Protecting non\-target
organisms and preventing the development of resistance in pests are also emphasized.

The Category 6a certification exam will be based on information found in this booklet. Each chapter
begins with a set of learning objectives that will help you focus on what you should get out of each
chapter. The table of contents will help you identify important topics and

understand how they relate to one another through the organization of headings and subheadings. As
you prepare for the exam, read each chapter and answer the review questions located at the end. These
guestions are not on the certification exam. They are provided to help you prepare for the exam.
Questions on the exam will pertain directly to the learning objectives.

This certification manual benefits the applicator and the general public. By learning how to handle
pesticides correctly, applicators will be able to protect themselves, others, and the environment from
pesticide misuse.
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Chapter 1

General Information
WHAT'S IN THIS CHAPTER

This chapter is for landscape professionals,
plant health specialists, interested in trees,
shrubs, ground covers, and herbaceous plants
in the landscape. It's purpose is to serve as a
resource about plant health management
information. Successful plant health
management requires the proper identification of
plants, combined with the ability to determine
and distinguish between various types of
problems including: infectious plant diseases;
abiotic disorders such as nutrient deficiencies or
pesticide toxicity; and various types of plant
injury such as insect feeding, or damage from
environmental hazards like construction injury,
salt damage, fire, or hail. Developing a basic
knowledge about the biology of the plants within
the landscape as well as the pathogens that
attack them is critical to developing a successful
plant health management program. Selecting an
appropriate plant for a specific location and
providing for its basic growth requirements are
also fundamental to establishing and growing
healthy plants.

Plants must be inspected regularly to detect any
problems. When problems are discovered,
appropriate actions must be taken to prevent or
alleviate damage. Landscape managers have
numerous management tools available; the key
to their successful use is knowing when and how
to apply them. The best approach is an
integrated program that includes regular
monitoring and relies on a combination of
techniques to prevent and control problems.

Methods include selecting plants that are well
adapted to the environment and resistant to
plant diseases and pests. Our awareness of the

importance of various cultural practices for
preventing or controlling plant diseases as well
as abiotic disorders has increased greatly in
recent years. Especially in landscapes with an
emphasis on reduced pesticide use, cultural
practices are an extremely important and
integral part of plant health management.
Pesticides (primarily fungicides) may be an
important component of disease management;
however, this bulletin does not make specific
recommendations regarding the use of
fungicides because availability, appropriate, and
legal uses of fungicides frequently change.
General comments related to fungicide use are
made for several diseases in the text; however,
for specific recommendations, growers are
referred to other sources of information that are
more frequently updated than this bulletin, and
to the ultimate legal source of information--The
Pesticide Label.

GENERAL PRINCIPALS

The basic requirements for growing healthy
plants are relatively easy to identify. These
include: good soil structure, texture and
drainage; proper balance and amount of
nutrients; acceptable soil pH; sufficient space for
expanding roots and crowns; sufficient water,
acceptable temperature and light; clean air; and
relative freedom from pests and diseases.
Significant fluctuations within or among any of
the above mentioned environmental conditions
can result in poor plant health.

Much of the information presented in this bulletin
refers to the diagnosis and control of infectious
plant diseases. However, it is important to
remember that "sick” or unhealthy plants may
not be infected with a plant pathogen. In fact,



many plant health problems encountered in Ohio
landscapes are not related to plant pathogens,
insects or  other pests. Unfavorable
environmental conditions in addition to many
other factors can lead to plant stress. Depending
upon the level and duration of stress, plant
health can be greatly affected. If stress is severe
and long term, it can lead to visible "abnormal"
or "undesirable" symptoms and, eventually,
death of the plant. Understanding the
importance of plant stress, combined

with the ability to identify stressful situations in
order to prevent or alleviate them, is essential to
successful plant health management in the
landscape.

Although we emphasize the importance of stress
on plant health, it is important to remember that
a stress-free, perfectly healthy plant can be
attacked by many plant pathogens. If a healthy
plant is highly susceptible and environmental
conditions are  favorable for disease
development, the pathogen can infect and cause
disease that damages or even kills the plant.
Although most plant pathogens do not require a
stressed or weakened plant in order to infect,
stressed or weakened plants may be more
susceptible to attack by some plant pathogens.
Some plant pathogens do require some degree
of stress or plant injury before they can infect
and cause disease. Examples of this are
species of the fungus Botryosphaeria. These
fungi can infect a wide range of woody
ornamentals, but are rarely a problem on
vigorous, healthy plants. On crabapple, it
generally becomes a problem (stem cankers)
after the tree has been predisposed to infection
by some sort of injury. A common form of
predisposing injury in Ohio is cold weather or
winter injury. This type of relationship is well
documented for several plant diseases. Thus, an
understanding of the factors that predispose
plants to disease is critical to successful plant
health management.

Chronic and Acute Plant Stress

Compacted, poorly-drained soils, nutrient
imbalances, unsuitable soil pH, air pollution,

limited air circulation/plant crowding, road salt
injury, improper plant installation practices,
inappropriate light levels, and poor irrigation
practices are among the most common factors
that create plant stress and may result in
increased susceptibility to certain diseases.
These factors are chronic stresses that
weaken the plant over time. Months, years, or
decades may be involved before the cumulative
effects result in visible problems. Sometimes the
chronic stress itself over a period of time will
cause the plant to decline and eventually die
without involvement of a pathogenic organism.
These types of problems that are not caused by
pathogenic organisms are generally referred to
as 'disorders,” or ‘abiotic’ or ‘noninfectious'
diseases.

The prevention of infectious as well as
non-infectious diseases linked to chronic stress
from environmental factors depends on wise
landscape planning and management.
Choosing appropriate plants and materials for
the site, appropriate site preparation and careful
maintenance will go a long way towards
avoiding plant health problems. An
understanding of the cultural requirements of
landscape ornamentals is essential to alleviating
plant health problems related to chronic stress.

Acute environmental stress is linked to a single
event and, like chronic stress, may sometimes
predispose a plant to disease. Damage from
drought, cold, wind, hail, and mechanical
damage are all examples of acute stress. Unlike
chronic stress that occurs over time, acute
stress occurs suddenly and causes damage
soon after it occurs. With chronic stress, there
may be time to reverse an imbalance if it is
recognized early; however, with acute stress
there is little or no time to prevent plant damage.

Diagnosing Plant Health Problems

Problems of ornamentals usually do not arise
from an isolated cause. There may be a primary
cause such as spider mites on spruce or rust
disease on hawthorn. However, associated
environmental conditions may be present that



need to be diagnosed. Drought (for instance)
often precedes mite problems. Formulating
guestions to ask about the ornamental plant with
poor health symptoms is a key to successful
diagnosis.

One of the most difficult diagnostic areas in
ornamental plant care is determining the causes
of problems that result in nonspecific symptoms.
Such nonspecific symptoms as leaf yellowing,
leaf drop, browning of the tips of leaves and
branch diebacks may be serious and easily
detected. Perhaps the help of an outside
diagnostic clinic or a soil testing service will be
needed. The result will be a greater ability to
correctly diagnose the cause of the symptom
and plan a solution. However, they can result
from a variety of environmental imbalances,
alone or in combination, as well as from some
kinds of pathogens.

Such nonspecific symptoms commonly, but not
always, result from poor root health in the urban
landscape. Hundreds of factors can cause root
health problems. Some of these may be
infectious diseases and others may be
noninfectious environmental problems. Table 1
gives examples of nonspecific symptoms and
possible causes.

The only way to achieve a correct determination
of the causes of a plant problem when beginning
with a nonspecific symptom is to try and find
more symptoms and information. Gather more
data in order to produce a symptom profile.
Even if the set of symptoms includes nothing
more than a group of individually nonspecific
conditions, it might still lead to a correct
diagnosis.

Suppose you start with yellow leaves. You could
increase the symptom profile by:

1) noting where on the plant the yellow
leaves are,

2) when they first appeared,

3) what unusual cultural practice might
have occurred,

4) what other leaf conditions you see
(browning, leaf drop, leaf size change),

5) what soil conditions are present (wet,
dry, compacted, acidic, salty).

Perhaps the help of an outside diagnostic clinic
or a soil testing service will be needed. The
result will be a greater ability to correctly
diagnose the cause of the symptom and plan a
solution.

There is no substitute for thorough field
observation. When confronted with a plant
health problem, be prepared to look at the plant
and the surrounding environment closely. A
good way to proceed is to answer a series of
guestions. Remember that each question can
have one or more answers. The following
paragraph outlines an approach that has worked
for many.

First, properly identify the plant. With this
knowledge you can determine the cultural
requirements for the plant. Knowing the plant
type will also enable you to anticipate what
specific diseases to expect and when to expect
them. For instance, if you have a dead branch
on a tree, you might expect first fireblight if it's a
crabapple or Verticillium wilt if it's a Norway
maple. Gather reference material and be familiar
with the symptom profile to be expected.
Remember, pictures in texts often are out of
perspective because they are selected for their
ease of showing one problem. The plant you are
observing may exhibit symptoms of several
diseases, environmentally induced stresses and
insect damage all at once.

Other questions to ask during a diagnosis
include the following:



1. What is wrong? Exactly what symptoms are of
concern?

2. What is the condition of the surrounding
vegetation?

3. How long has the problem been there? Be
carefull Many people believe plants become
sick overnight. Generally, plant health
problems develop over considerable time.

4.What are all the possible causes of the
problem? Be sure to list them, including
environmental conditions and anything else
you think might be contributing to the situation.
If necessary, have a plant disease clinic assist
you.

5.What are the remedies or health management
practices that can be considered? Next to the
causes, list all possible remedies, regardless
of cost or practicality.

6.0f the possible remedies, which are practical?
This is a crucial step! Remember, doing
nothing and merely tolerating the situation
may be the "most practical” thing to do.

7.0f the practical remedies, when would be the
best time of year to apply them? Will any
follow-up activity such as reapplication of a
spray be needed?

Using the Plant and Pest Diagnostic
Clinic at The Ohio State University

The C. Wayne Ellett Plant and Pest Diagnostic
Clinic (PPDC) is located at The Ohio State
University in Columbus, Ohio. It is a
comprehensive clinic in that it integrates the
disciplines of plant pathology, entomology, crop
science, horticulture, and natural resources into
a comprehensive program centered on plant
disease and pest identification. Services
available through PPDC include plant disease

diagnosis, insect and mite identification, plant
and weed identification, and nematode
extractions.

The accuracy of any diagnosis depends upon
the information supplied, the specimen material
selected, and the condition of the specimen
when it arrives.

Specimen Information

PPDC specimen forms are available through
county Extension agents or at the clinic. To
make best use of the forms:

1. Complete a form for each specimen.
Materials that are part of the same problem
will be considered as one specimen. Different
kinds of plants or plants from different sites
usually have different problems and should
be considered as different specimens.

2. Describe symptoms as you observe them on
the plant or in the planting. After a specimen
is packaged and shipped, many of the
original symptoms may be obscured.

3. Send the completed form along with the
specimen, either inside the package or in an
envelope attached to the outside of the
package. Make sure that the record form and
other enclosures are separated from the
specimen material by a waterproof barrier if
needed.

Selecting Specimen Material

Select material showing the symptoms in
guestion. Send several samples in different
stages of disease development. Be generous,
but do not send totally rotten or decayed
material, plants that are completely dead, or
material that has been dead a long time.

1.Send entire plants, including roots if possible.
Dig plants to keep roots intact. Do not pull
them out of the ground. Remove excess soail
from the roots by shaking gently or washing
with water. Do not wet leaves or stems. Wrap



roots so that soil clinging to roots will not be
loose in the package. Do not ship wet plants.

2.When entire plants cannot be shipped, include
the part showing symptoms. Also, include one
pint of roots, soil, and fine rootlets.

3.When only localized parts of plants are

affected (leaf spots, stem cankers, or
swellings), ship several examples of the
affected parts. Stem and branch sections
should include a short section of healthy tissue
so that the transition area between diseased
and healthy tissue is included.

4.1f oak wilt, Dutch elm disease, or Verticillium
wilt are suspected, select samples from
branches with wilted, yellow, or dying leaves.
Do not select samples that are completely
dead. Cut several sections 6 inches long and
one-half to 1 inch in diameter.

Packaging and Delivery of Specimens

Careful packaging and quick delivery of the

specimens is essential. Please follow these
suggestions:

1.Select specimens fresh from the field.
Carefully shake off dew or excess water and
allow to air-dry before packing.

2.Press non-woody plants or leaves on small
branches between paper and place between

two pieces of stiff cardboard. Place the sample
in a padded envelope.

3.Soft, succulent plants that are packed in
airtight plastic frequently decay before their
arrival. Package these plants so they may
"breathe." Place leaves between dry paper
towels before packing.

4.For mailing, use strong containers such as
corrugated boxes or mailing tubes that will not
crush in transit.
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5.Fill empty spaces in mailing cartons with
crushed or shredded paper to protect the
specimen.

6.Use overnight mail services or mail packages
early in the week to avoid weekend layovers at
the post office.



Table 1: Diagnostic Guide for Landscape Plants Exhibiting Nonspecific Symptoms.

Symptoms

1. Brown or scorched |eaves;
progressive dieback of branches.

2. Leaf spots, blotches, blemishes,
blisters or scabby spots, or malformed
leaves.

3. Foliage yellow-green.

4. Foliage of one branch dying.

5. Early leaf drop.

6. Wilting or drooping of foliage.

Possible Causes

a. Poor root health from poor drainage, excessive soil dryness, excessive
fertilizer, compaction and poor water penetration into soils, or girdling
roots.

b. Mechanical injury (construction damage, trenching, adding or removing
soil, lawn mower, or string trimmer damage).

c. Specific nutrient toxicities or imbal ances.

d. Excessive heat or light reflected onto leaves from driveways or
buildings.

e. Pesticide or mechanical injury.

f. Air pollution.

g. Winter drying.

h. Vascular fungal or bacterial infection.

i. Root rots or crown rots caused by fungi.

a. Excessive soil dryness coupled with high temperatures.
b. Frost injury.

c. Chemical spray injury.

d. Fungal or bacterial infections.

e. Herbicide injury.

f. Insect damage

a. Insufficient fertilizer or nutrient imbalance.

b. Poor root health due to compacted soil, poor drainage, girdling roots, or
planted too deep.

c. Winter drying.

d. Root or crown injury.

e. Root rots or crown rots caused by fungi.

f. Air pollution.

g. Soil pH (acidity) lower than 5.0 or higher than 8.0. (Nutrient imbalance.)
h. Herbicide injury.

i. Mites or sucking insects, root-feeding nematodes

a. Fungal canker.

b. Mechanical injury (construction damage, trenching, adding or removing
soil, lawn mower or string trimmer damage).

c. Insect damage.

d. Winter damage.

e. Chemical spray injury.

a. Poor root health from poor drainage, excessive dryness, excessive
fertilizer, compacted soil, or girdling roots.

b. Mechanical injury (construction damage, trenching, adding or removing
soil, lawn mower, or string trimmer damage).

¢. Heat and drought stress.

d. Insect infestation.

e. Herbicide injury.

f. Fungal or bacterial leaf spots.

g. Improper pesticide application.

a. Poor root health from poor drainage, excessive dryness, excessive
fertilizer or other soluble salts in the soil, compacted soil, overwatering, or
planting too deep.

b. Mechanical injury (construction damage, trenching, adding or removing



soil, lawn mower, or string trimmer damage).

c. Toxic chemical poured into soil.

d. Fungal or bacterial infection of vascular system.

e. Fungal cankers.

f. Root rots or crown rots caused by fungi or root-feeding nematodes.
g. Insect infestation.

a. Mite infestation.
7. Leaves with tiny yellow speckling or b, Air pollution.
yellow banding of needles. c. Insect infestation.
d. Fungal or bacterial infection.

a. Herbicide injury.

b. Late frost or freeze.
c. Insect infestation.
d. Anthracnose.

e. Virusinfection.

f. Spray injury.

8. Deformed or misshapen leaves

12



Chapter 2

Pest Management Verses Eradication

Managing insects and mites which attack our
urban ornamental plants has generally relied on
the use of pesticides. Whether this is good or
bad is beyond the scope of this discussion, but
we must ask whether alternative controls are
available. Before we can consider the
alternatives, we should review our current
concept of pest management. Pest management
as opposed to “"eradication” implies that some
pests will always be around. It is the goal of pest
management to keep the pest populations down
to a level where damage is not overly evident. In
field crops, this has generally be termed an
economic threshold level. In urban ornamentals,
the aesthetic threshold level (the population of a
pest which causes noticeable, unacceptable
visual damage) is the term to be used.

Integrated Pest
Definition

Management (IPM) — A

Another common term used is integrated pest
management (IPM) which is the selection,
integration, and implementation of pest control
(biological, chemical or cultural) based on
predicted economic, ecological, and sociological
consequences. In other words, when we use a
pest control we must consider the cost both to
the ecosystem and human society. Using the
IPM approach, three important concepts must
be accepted:

1. No single pest control method will be
successful. All of the control options -
biological, chemical and cultural must be
used.

2. Monitoring (sampling) of the pest is
constantly needed in order to evaluate
the status (not present, present but not
causing aesthetic damage, present and
causing aesthetic damage, etc.) of a pest
population.

3. Therefore, mere presence of a pest is not
a reason to justify action for control.There
has been considerable misunderstanding
about IPM, IPM control options and the
underlying concepts. Perhaps a look at
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what IPM is or IPM is not will aid our
understanding of these concepts.

What IPM is Not:

1. IPM is not a biological control program
though biological control is a useful
option. However, biological control is only
one of the options. We also have to
consider chemical and cultural controls.

2.IPM is not an organic program though
organic materials can certainly be used if
they do not create economic,
environmental or sociological problems.

3. IPM is not a pesticide free program
because the chemical control tactic may
be warranted. Generally, IPM programs
have reduced chemical  controls
(pesticides) but not eliminated them. It is
not necessarily the goal of an IPM
program to reduce or eliminate
pesticides.

4. IPM is not the least or most expensive
method of pest management. Usually,
the cost of pest control remains close to
original costs. Monitoring and sampling
costs are traded for scheduled pesticide
applications.

What IPM Is:

1. IPM is a decision making process. Each
plant, each year and each habitat is
slightly different and programmed
controls  will  not address these
differences. Thus, monitoring must be
performed and decisions must be made.

2. IPM is a system of pest management
decisions based on ecological, economic
and sociological values.

3. IPM is a process of pest monitoring and
sampling. We must know the status of a
pest and whether it really needs a control
action or not.



4. IPM is a process which considers all of
the control options.

Monitoring

Monitoring pest activity and population levels is
the key to successful IPM. Unfortunately, most
feel that monitoring must be a complicated and
time consuming process where someone must
constantly watch each and every plant. This is
simply not true. Monitoring of pests in nurseries
and landscapes can be done in a multitude of

ways - from visual inspection to using
temperature-dependent (degree-day)
developmental models. Another method of
solving the seemingly impossible task of

monitoring pests in complex settings is the
concept of KEY PLANTS and KEY PESTS:

1. Key Plants are trees, shrubs and flowers
which are known to have perennial pest
problems. As an example, birch trees
always get leafminers, aphids and borers
while red oaks rarely get significant pests.

2. Key Pests are those which cause
significant damage or may Kkill trees,
shrubs or perennial flowers. These key
pests often have special times (windows
of opportunity) that they are susceptible to
controls. Aphids or galls in oaks are rarely
significant enough to warrant controls
while peach tree borers in ornamental
plums need special attention.

BIOLOGICAL CONTROLS

Biological control is using parasites, predators
and pathogens (diseases) to control pests. We
have to realize that in the urban landscape and
nursery, there is a multitude of beneficial insects
and mites which can prey on pests. In many
cases, these naturally occurring baneficials will
do a good job of controlling the pests if we do
not disturb the system too much. As stated
above, we usually disrupt this system by over
using pesticides which kill the baneficials better
than the pests. On the other hand there are
occasions where we can actually increase these
biological controls. The classical way to
implement  biological controls is through
introductions, conservation and augmentation.
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A.

C.

Introductions of exotic parasites, predators
or diseases are made when foreign pests
become established. This is an attempt to
create some of the checks and balances
found where these pests are naturally
controlled. Occasionally, foreign biological
controls are found which may better control
native pests.

Conservation is using other control tactics,
usually pesticides, so that they have the
least adverse affect on predators and
parasites. It can also be the providing of
habitat or food needed by biological controls
to improve their survival. In the urban
landscape or nursery we can use targeted
sprays to those specific plants where pests
are getting the upper hand. We can also
plant flowers which provide necator and
pollen to feed the adults of many of the
parasitic insects.

Augmentation is usually the rearing and
release of biological control agents.
Unfortunately, this technique is usually
expensive and we must use those biological
controls which fit into the definition of a
"good" biological control. What is meant by
a "good" biological control? Not all
predators, parasites and pathogens are
useful in their ability to be used in pest
management. Useful ones have the
following characteristics:

1) High Reproductive Potential - they
must be able to keep up with the high
reproduction of the pests.

2) Good Mobility -they must be able to
search out the pests or come into
contact with the pests.

3) Host Specific - they should not be
generalists which may adversely affect
other, sometimes beneficial, organisms.

4) Persistent - they should remain when
pest populations become low and carry
over from season to season.

5) Easily Reared or Encouraged - this
will allow them to be inexpensive and
competitive with other controls.

6) Tolerant of Other Controls - in order to
fit into a true IPM system, they need to



be tolerant of cultural and chemical

controls if used.

In order to illustrate these concepts, let's look at
a preying mantis versus a lady beetle. The
preying mantis has one generation per year,
eats anything in sight (including each other and
other baneficials), usually ignores the small
insects such a aphids, mites and scales, often
doesn't survive the summer to lay another egg
case and is very sensitive to any pesticide.
Therefore, preying mantids do not qualify as a
useful biological control. On the other hand, lady
beetles have many generations per year, they
only eat a narrow range of pests (usually they
are aphid, mite or scale specialists), usually
overwinter well and can often withstand some of
the softer pesticides, especially soaps and oils.
Therefore, lady beetles easily qualify as a useful
biological control.

Unfortunately, we often think that we have to
actively introduce predators and parasites in our
urban landscapes. Since most of these animals
already exist, we merely have to be able to
recognize them and avoid using cover sprays of
pesticides.

Predators which you should learn about are:

A. Lady Beetles are commonly sold as adults
and are useful control agents if properly
handled. The adults need to be fed some
honey (to resemble aphid honeydew) in a
cage (to suppress a strong migration urge)
before release in the garden. Larvae are
often mistaken for pests because they look
like leaf beetle larvae or some other pests
(e.g., the "mealybug destroyer” lady beetle
larva looks like a mealybug).

B. Green Lacewings are not to be confused
with the pest, lace bug. The larvae feed on
aphids, scales and mites. Eggs are
purchased and sprinkled where small pests
are noted to be active. The larvae must
search for the pests because they do not
have wings.

C. Ground and Rove Beetles are active
predators present in most soil/turf habitats.
Both the adults and larvae feed on a wide
variety of pests but are highly intolerant of
pesticides.
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D. Syrphid Flies (=Hover Flies) are very
common yellow and black flies which have
voracious larvae (maggots) which eat
aphids.

Parasites are insects (often called parasitoids)
with larvae which feed on the inside of their host,
usually killing or sterilizing it. Some common
parasites which you should learn about are:

A. Trichogramma Wasps (=Egg Parasite
Wasps) are microscopic (usually less than
0.5mm long) and lay their eggs in the eggs
of other insects. They are usually very host
specific and generally limited to butterfly or
moth (caterpillar) pests.

B. Ichneumonid and Brachonid Wasps are
small wasps which commonly attack
caterpillars and aphids. The larvae usually
emerge from the dying host and spin small
white or yellow cocoons.

C. Tachiniid Flies are generally medium to
large flies which lay eggs on caterpillars or
various leaf feeding beetles. The eggs hatch
into maggots which feed on and eventually
kill the host insect.

Pathogens are simply a variety of diseases
which kill insects. They are usually bacteria,
virus, fungi and protozoa. Insect pathogens
are fairly ideal in that they are very host
specific. They are also very non-infective to
vertebrates. Examples are:

A. Bacteria have been the easiest of the
pathogens to utilize because they can often
be reared "in vitro" (in artificial culture) and
form spores fairly resistant to adverse
environments. Examples are:

1. Bacillus thuringiensis (Bt) - has several
strains which produce toxins lethal to
various insect groups (and are thus
technically a chemical control). The
most common types are:

a. Bt 'Kurstaki' - which affects only
young caterpillars.

b. Bt 'lsraelensis' which affects
aquatic fly larvae such as mosquitos
and black flies.



c. Bt 'Tenebrionis' - which affects
some leaf feeding beetles.

3. Bacillus popilliae (= white grub milky
disease) - has one strain available
which kills Japanese beetle grubs.
Other strains have been identified
which Kkill other species of grubs but
these strains are not commercially
available

B. Fungi have been identified but are difficult
to utilize because the spores are easily dried
out or need high moisture and/or water to
germinate. Examples are:

1. Beauveria spp. have been identified
infecting a wide variety of insects
including bugs and beetles. A
commercial strain is available in
Europe for Colorado potato beetle
control.

2. Metarhizium spp. have been identified
infecting numerous  soil insects
including white grubs. No commercial
strains are available in the United
States.

C. Viruses are common pathogens of insects
but are one of the most difficult to use
because they require living insects to grow.
Recent development of insect tissue culture
has allowed for rearing of some of the virus
strains but the only commercial product is
Nuclearpolyhedrosis Virus (NPV) - for
gypsy moth control under the trade name of
Gypcheck©

D. Entomopathogenic Nematodes are a
group of tiny parasitic roundworms which
carry a bacterium lethal to insects. Once
the nematode gains entry into an insect it
regurgitates the bacterium which paralyzes
and Kills the insect. The nematode then
feeds on the reproducing bacteria. The
most commonly mentioned species are:

1. Steinernema carpocapsue which has
several strains good at attacking
insects which live in the upper soil or on
the soil surface. Biosafe©, Exhibit@
and Scanmask© are commercial
preparations.
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2. Heterorhabditis spp. are better at
attacking insects which live deeper in
the soil. This group can also bore
through the insect cuticle.

In summary, there are multiple alternative
control methods which can be used in the urban
landscape. The concept if integrated pest
management provides a framework in which to
use all of the alternatives in a systematic
fashion. Of most importance is the idea that we
must monitor for pest problems and then select
the best targeted control available.

Cultural Controls

The cultural control option should be our first
consideration as an alternative in landscape tree
and shrub IPM. Cultural controls in field crops
have generally included sanitation, crop rotation,
tillage, host  plant resistance/tolerance,
mechanical/physical destruction and quarantine.
If we look at these techniques, we may wonder
how these relate to ornamentals in nurseries or
landscapes. Though we use different terms,
these techniques are commonly used and need
to be emphasized more.

1. Sanitation helps remove inoculum or
hiding areas of pests. Pruning, raking of

leaves and destruction of heavily
infested plant stock are sanitation
techniques useful on our urban

landscapes and nurseries.

2. Crop Rotation is generally used in field
crops (i.e. corn rotated with soybean)
but should be considered for
ornamental tree and shrub production.
Many nurserymen rotate growing areas
by planting different types of stock after
a rotation. This seems to help reduce
attacks by borers and root infesting
diseases. We also need to realize that
most trees and shrubs in urban
landscapes are limited by space which
reduces their vigor with time. Therefore,
if a plant has begun to reach its
limitations, it should be replaced with a
smaller, better suited one.

3. Tillage in field crops exposes resting
pests and breaks up the soil for better
air and water movement. In ornamental



trees and shrubs, aeration and

mulching are analogous.

Host Resistance uses plants which are
less susceptible to pest attack
(tolerance) or produce actual toxins
(antibiosis) which kill or stop pest
growth. Examples of trees and shrubs
are well known though poorly utilized.
In fact, most insects and diseases
which are currently problems can be
permanently eliminated with the use of
resistant plants. For people concerned
with the use of pesticides this is a major
option to be considered.

Mechanical/Physical techniques are
as simple as crushing the pest under
foot to using large industrial vacuum
sweepers to suck up pests. In our
landscape plantings, we need to
constantly remind ourselves that simple
pruning or crushing of pests is
preferable to chemical spraying. We are
all guilty of spraying an entire juniper
hedge for bagworms when only three or
four bags were seen which could have
been easily picked off and crushed.
Likewise, we tend to "Rambo" spray
tent caterpillars in the spring when we
could just reach in, roll up the nest with
the caterpillars inside and dispose of
the mess in a bag.

Quarantine is a legal method of
restricting movement of contaminated
plant material. Unfortunately, this
technique is rarely effective even
though we know that most pest
problems arrive on infested plant
material. Therefore, we should pay
special attention to new plantings which
may have pests and plant stresses
developed from the transplanting
process.

Good Horticulture is one of the simple
but commonly ignored methods of pest
management. In other words, a
"healthy" plant can generally fend for
itself against insects, mites and
diseases. Therefore, one of the most
important control alternatives that we
can use is tending to the proper needs
of landscape plants. We need to match
the correct trees and shrubs to the
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typical alkaline, hardpan clay soils of
our landscapes. To not do so causes
plant stress which allows pests to gain
the upper hand.

Chemical Controls

Probably our second most useful control option
in ornamental plant IPM is chemical control.
Unfortunately, we have over used and misused
this option so that most citizens are beginning to
cast a weary eye to its use. Chemical control to
most people means pesticides though other
chemicals such as attractants and pheromones
are increasing important in our IPM practice.
Even if pesticides are our principal weapon, we
need to understand that not all pesticides are
created equal. In IPM, we want to use the ideal
pesticide - a material that only kills the target
pest. Unfortunately, we don't have these "silver
bullets.” Most of the pesticides which are
currently used have short residual life spans
(this reduces accumulation in the environment),
are more selective (this reduces the chance of
killing nontarget animals), and are used at lower
rates (this reduces the total chemical "load"
used). Because of these characteristics, we
need to be able to better target our applications
in order to achieve satisfactory control.

Another general public misconception about
pesticides is that "natural" pesticides are better
than "synthetic" pesticides. IPM does not make
this distinction. Using pesticides in IPM is
evaluated on economic, ecological and
sociological impacts together. In other words
there are "natural" botanical insecticides (i.e.
nicotine sulfate with an LD50=55 and a known
carcinogen) which are much more toxic and
have more adverse effects than some
"synthetic" organic insecticides (i.e. acephate
with an LD50=866). In short, chemical controls
used in IPM should be selected on their total
attributes.

By knowing that we do not have "ideal"
pesticides, whether natural or synthetic, we must
use great caution to limit their adverse effects.
Generally, this means that we should only target
sprays to those individual plants or blocks which
need it - not cover sprays. General cover
sprays (spraying everything in the landscape or
nursery whether needed or not) tend to cause
several problems.



Cover sprays often tip the balance of control in
favor of the pest. As incredible as this seems,
cover sprays usually kill beneficial insects and
mites (predators and parasites) better than they
kill pests! Since pests usually have good
reproductive ability, they "rebound" faster than
their natural controls. This causes what we call
pest resurgence and secondary pest
outbreak.

Cover sprays tend to cause development of
resistance. Pests and potential pests often
develop resistance to pesticides when they are
under constant pressure from a specific
pesticide. In other words, a few insects on a
plant may not be causing significant damage,
but if we constantly spray these insects we are
forcing them to develop resistance. Then, when
they reach damaging levels our pesticide is no
longer effective.

A more recently identified problem with general
cover sprays of pesticides has been identified to
be enhanced degradation. Since most of our
current pesticides are organic compounds (i.e.,
containing carbon, hydrogen and oxygen),
microbes are able to use the chemicals as foods
or nutrients. Generally these microbes are
beneficial in aiding in the removal of these
pesticides from the environment. However,
when constantly "fed" through general cover
sprays, these microbes "learn" to "eat" these
pesticides more rapidly than normal. In
summary, if we are going to use the chemical
control option, we need to use target sprays
only when needed.

The chemical control option should be
considered a limited resource. As with all
limited or scarce resources we need to conserve
what we have. Many of the chemical companies
are no longer developing traditional pesticides. The
cost of discovery, development and registration are
simply too costly. Therefore, we must conserve what
we have and guard carefully the few new products
which become available.

Most people think that chemical control merely
means pesticides. The chemical control option
also contains repellents, attractants and
pheromones, and desiccants. It is easiest to
discuss these by their chemistry and activity:

A. Pesticides - are chemicals which directly Kill
the pest.
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1.

Inorganics are pesticides without
carbon which can be natural earth
minerals or man-made compounds.
Examples are:

a. Boric Acid - used for cockroach
control, not registered for
landscapes.

b. Diatomaceous Earth - glass like
remains of single celled organisms,
diatoms, which scratch insect cuticle
or puncture gut cells. Acts mainly as
a desiccant and is rarely useful in
landscapes unless combined with
an insecticide like pyrethrin.

c. Sulfur - an ancient control for
insects and mites.

d. Sodium Fluouluminate (=Kryocide,
Cryolite) - an earth mineral (or man
made) which forms sharp glass-like
particles which puncture insect gut
cells if ingested. Since it is a
stomach poison, it does not
adversely affect beneficial predators
and parasites. Good only against
leaf feeding caterpillars, sawflies
and beetles.

e. Mercury, Lead, Arsinates - metal
compounds used in the past for
insect control which are now
generally considered too dangerous
to use.

Oils are petroleum or plant based
hydrocarbon chains which  have
insecticidal activity. Toxicity appears to
be caused by suffocation and/or
membrane disruption. Examples are:

a. Summer Oil - a highly refined
mineral oil used on green plants at a
0.5-2.0% rate.

b. Dormant Oil - a slightly less refined
mineral oil or summer oil used at a
2.0-4.0% rate when plants are in
winter dormancy. When used in
winter, has minimal adverse affect
on beneficial insects.

c. Citrus Oil - raw oil or separate
constituents  (e.g, d-Limonene)



which have insecticidal properties at
low dosages. Usually combined with
other insecticides such as soaps.

3. Fatty Acid Salts or Soaps are man

made hydrocarbons using an ion,
usually potassium or sodium, to join
together fatty acid chains. Fatty acid
chains containing 6 to 10 carbons have
insecticidal  properties.  Insecticidal
soaps apparently disrupt cell
membranes. Soaps tend to be very
good at controlling soft bodied insects
such as aphids, mealybugs, soft
scales, caterpillars, beetle larvae and
spider mites.

Microbial Toxins are molecules
produced by bacteria, fungi, protozoa
and other microbes which are toxic.
Toxins like Bt endotoxin are relatively
low in toxicity to mammals while
botulism toxin is one of the most toxic
molecules known. These toxins are
used by extracting the microbe or
using whole organisms. Examples are:

a. Bacillus thuriugiensis (Bt) - a
bacterial product containing
both endotoxins and spores
which are active on a variety of
insects. See Biological Control
below.

b. Avermectin-B (=Abamectins,
Avid) - a powerful toxin (LD50
= |0mg/kg) derived from
Streptomyces fermentation.

c. Chitin (=Clandosan) - is the
chemical which makes up the
exoskeleton of arthropods
(insects, crustaceans, etc) and
nematodes. By adding chitin to
the soil, microbes produce
toxins (ammonia) and/or
produce digestive enzymes
which destroy the cuticle of
insect and nematode pests.
Field results in landscapes
have not been consistent in
efficacy.

4. Botanicals are plant extracts, usually

alkaloids, which have insecticidal
properties. Most people believe that
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since these are "natural” products, they
are " safer" than other pesticides. Many
of these chemicals have not been fully
tested and many have striking adverse
affects on mammals. Many cause
severe allergic reactions (i.e. pyrethrin
and sabadilla), have high toxicity
(nicotine), or are even suspected
carcinogens (nicotine). Examples are:

a. Pyrethrin (LD50-200) is
derived from a specific species
of chrysanthemum originally
grown in lran. The natural
product is mainly an irritant to
insects and is usually mixed
with piperonyl butoxide (PBO)
or rotenone to provide better
kill of insects. Some people are
very allergic to the compounds.

b. Rotenone (=Cube,
Derris)(LD50=132) is an
alkaloid from roots of a tropical
plant. Highly toxic to fish, and it
was used originally by South
American Indian to collect fish
from lakes and rivers. Very
toxic to pigs.

c. Sabadilla (LD50=2500-4000)
is an alkaloid derived from a
lily seed from South America.
Though having low dermal
toxicity, it is a powerful irritant
which if inhaled can cause
severe circulatory and
respiratory failure. In spite of
some magazine articles, this
product is only registered for
vegetable pests.

d. Nicotine (LD50=55) is an
alkaloid derived from tobacco
which high toxicity and is a
suspected carcinogen.

e. Neem (Azadirachtin, BioNeem,
Margosan)(LD50 >3000) is an
interesting botanical derived
from an Asian tree grown in
India. Neem is used as a
general cleaning chemical and
is found in tooth paste. It
seems to act as a systemic
with  repellent and growth



regulator effects on insects
and mites.

f. Ryania (LD50=750) is an
alkaloid from a tropical tree
with rather high oral toxicity.
The oral LD50 to dogs is 150
mg/kg. It is only registered for
some vegetable crops.

Synthetic Organics are human made
compounds containing carbon and are
usually synthesized from petroleum
products. This is the group most
people refer to when they mention
pesticide. Because of the diversity and
number of materials in this group no
attempt will be made to cover these
compounds.

a. Organochlorines (=Chlorinated
hydrocarbons) are organics which
usually have long residual life spans
in the environment. This quality has
caused most to be banned because
they end up in the food chain or
cause damage to non-target
organisms.

b. Organophosphates usually have
short residual life spans. They are
often stated as being related to
nerve gas. Compounds in this group
range from category 1 to 3 in toxicity
and are generally neurotoxins.

c. Carbamates may have long or short
residual life spans and range from
category 1 to 3 in toxicity. Most are
neurotoxins.

d. Pyrethroids are synthetics which
look and act like the botanical,
pyrethrins. They range from
category 1 to 3 in toxicity though
most are in categories 2 and 3.

e. Insect Growth Regulators (IGR)
are synthetic chemicals which look
and act like insect hormones. They
are often metabolism modifying
organophosphates and carbamates
with very low toxicities to mammals
or other nontarget animals.
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B. Repellents are compounds, both natural
and synthetic which cause a pest to stop
feeding or move away. Most are used as
products applied to skin or clothing to repel
mosquitoes and ticks.

C. Attractants and Pheromones are
compounds which attract a pest thinking
that the compound is food or another of the
species (aggregation and sex
pheromones). Most of the compounds in
this group have not been used effectively to
reduce pests but are used in traps to
sample pest activity. Examples are:

1. Geraniol/Eugenol is the attractant
"floral scent" used in Japanese beetle
traps. These traps do not reduce beetle
damage or grub populations. In fact,
evidence exists that plants near traps
may sustain more damage.

2. Disparlure is the sex pheromone
attractant for gypsy moth males. It is a
powerful sampling tool but has not
been successful in disrupting mating.

3. Clearwing Moth Borer Pheromones
is a mix of sex pheromones attractive to
several borers such as the dogwood,
lilac/ash, rhododendron and peach tree
borers. These traps allow for precise
timing of larval controls.

4. Pine Tip Moth Pheromones are sex
pheromones for various pine tip moths.
These traps determine the starting
point for degree-day models for
predicting larval control windows.

D. Desiccants are materials which cause the
insect pests to loose water faster than they
can replace it. Since insects are very small,
this water loss is rapidly lethal. Unfortunately,
most desiccants must be kept dry so outside
usage is limited. Examples are:

1. Silica Gel is the same drying agent
used in packing or flower drying and
can be ground to a powder to dust onto
insects.

2. Diatomaceous Earth acts like a
desiccant when dusted on the exterior
of insects. The sharp edges of this



product abrades away the thin wax
waterproofing coat on the exoskeleton
of insects.

Factors Critical To Pesticide Performance
Application Timing

Pest control should be initiated only after the
pest has been identified accurately and its
presence threatens either the aesthetic quality
or the vitality of the plant. If a decision has been
made to use a pesticide, timing of the
application must coincide with a stage of the
pest that is vulnerable to the application.

Many pests, including borers, armored scales
and gall formers can be contacted with pesticidal
sprays for only a short time during the growing
season. For example, armored scales can be
controlled best by attacking the newly hatched
nymphs (called crawlers) are active or have
recently settled on their host. Borer sprays must
be applied either before egg laying begins (e.g.,
bronze birch borer and other flatheaded borers)
or before egg hatch (e.g., dogwood borer and
other clearwing moths borers). Pesticide
applications at any other time during the life
cycle of these pests will be ineffective and
should not be implemented.

Understanding Pest Life Cycles and
Movement

Many insects and mites complete only one life
cycle (=generation) each year. A single,
well-timed, thoroughly covering spray with an
effective pesticide should provide season-long
control. Other pests, including aphids, mites and
some scales and bark beetles complete two or
more generations each year. These pests may
require more than one spray during the growing
season.

Most adult insects have wings and can fly. After
spraying, new insects may fly in and reinfest a
plant making it appear that the insecticide
applied didn't perform well. For this reason,
repeated applications are needed to protect
some plants from incoming insects.

Selecting the Correct Insecticide/Miticide
Although  many insecticides/miticides are

effective against a number of different kinds of
pests, it is always important to choose a product
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that has been proven to provide excellent results
against the pest you are trying to control.
General purpose sprays and pesticides are not
the best approach to pest control. Instead,
consult the tables in this bulletin and choose a
product that has been rigorously evaluated for
its effectiveness against your target pest. Then,
use it according to directions on the container
label, using only the amount specified. Do not
use adjuvants (i.e. spreaders and stickers)
unless specified on the label.

Weather-Related Problem

Sprays should always be applied to dry foliage
and bark when rain is not expected for several
hours. However, as long as sprayed surfaces
dry before rainfall occurs, reapplication is usually
unnecessary. Sprayed plants should be
monitored in five to seven days to determine
treatment effects, especially if rain occurs soon
after the application. If the treatment was not
effective, and if the pest is still in a vulnerable
stage, the application should be repeated. It is a
good policy to spray when the temperature is
between 50 and 90 degrees F (10-32 degrees
C). Many pesticides are less effective below this
range, and some products may cause plant
damage above the upper limit.

Storage Life of Pesticides

Many insecticides/miticides may tend to lose
their killing power over a period of time, once
they have been opened. This process may be
speeded up with improper handling and
improper storage. Therefore, it is always best to
buy only the amount of insecticide/miticide you
expect to use in one season.

Pesticides can be used from one year to the
next. Remaining product should be stored in a
safe, dry place that does not experience freezing
or extremely high temperatures. Refer to the
label for specific instructions on long term
storage.

Pest Resistance

Resistance is a general term which, in the broad
sense, means pests that were previously killed
by a pesticide have produced offspring that are
no longer killed by it. To illustrate, let's suppose
that an insecticide is applied andthat it kills 95%
of the insects in a population which contact it,
but there are 5% of the insects which received
the same dosage but survived the treatment.



This 5% is considered resistant to the
insecticide. They live to produce another
generation, and this generation, having had
resistant parents, passes on to its offspring the
resistance factor. Most likely there will be a
greater number of the new individuals carrying
resistance to the insecticide compared to the
first treated population. As repeated insecticide
applications are made and more generations
produced, it is only a matter of time before the
majority of the insects in question will survive the
insecticidal application. A possible explanation is
that the insecticide has acted as a selecting
agent, killing those members of a population
which are susceptible to the chemical and
leaving those which are resistant. Survivors
breed and produce subsequent resistant
generations. Resistance develops fastest in
insects which have high rates of reproduction.
This is another reason why pesticides should be
used only when and where necessary to prevent
damage to valuable landscape plants.

Before

Understand Insecticides/Miticides

Using Them

Most people know little about pesticides, yet
they play a very important role in food
production and personal well-being. Even
though they are important products, we must not
forget that they are poisons and may present
serious dangers if not stored and used properly.
The best place to learn about a pesticide that
you intend to buy and use is the label printed on
the container. This is a legal document that
contains information developed by scientists,
government regulators and suppliers over a
period of several years. By following timing
recommendations listed in this bulletin and on
the pesticide label, you can achieve results
equally good as those of the scientists that
rigorously tested the product.

How Poisonous Are Insecticides/Miticides?

All insecticides and miticides are poisons.
However, some are much more toxic than
others. The pesticide container issues a
precaution statement that indicates just how
toxic the product is. For example, a skull and
crossbones indicates that the most highly toxic
materials. In most cases, these products should
not be purchased, stored or used by those
untrained in pesticide usage. Most of these
products also will state "RESTRICTED USE
PRODUCT," which means that only certified
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applicators may purchase or apply these
products. County OSU Extension offices can
supply pesticide certification information.

The toxicity of all pesticides is measured by a
term called LD50. LD stands for Lethal Dose, or
the amount of material that causes mortality of,
in this case 50% of the pest population tested.
Most LD50 studies are conducted with mice, rats
or rabbits under laboratory conditions. Since
these animals and humans are warm blooded
mammals that share biochemical processes,
scientists extrapolate from these tests to predict
just how toxic products might be to humans. In
any case, LD50 is a relative measure of toxicity.
We must remember that many individuals in a
population will be sensitive to the product at a
level well below the LD50.

Pesticide Formulations

Insecticides and miticides may be purchased in
forms such as dusts, wettable powders, liquid
concentrates, flowables, granules, oil emulsions,
aerosol sprays, baits and fumigants. Here are
some good and bad points of these
formulations.

Dusts are dry mixtures of insecticides with inert
powders such as organic flours, minerals, talc,
or clay. The dusts are composed of fine
particles, about 250 to 350 mesh. They are
usually sold in strengths of 0.510% and are
applied in the form purchased. Dusts can be
used on almost any surface without harming it,
but visible dust will usually create an unsightly
appearance. Due to their small particle size,
dusts will float in air and are easily blown away
during application. They generally leave an
effective residue as long as they remain dry, but
when they get moist, they may cake and
become ineffective. However, a slight amount of
moisture on a plant may actually aid in the
distribution and adherence of the dust to the
treated surface. Dusts are of little use in treating
large trees.

Liquid concentrates are high concentrations of
the "pure" pesticide dissolved in a solvent. Other
materials are added to the concentrate to make
the pesticide mix with water. Liquid concentrates
are sold in strengths of about 1 8 to 75%.
Because they are concentrates, it takes only a
small amount mixed in water to make an
effective spray. A disadvantage of liquid
concentrates is that they may cause plant injury
under certain weather conditions because of the
solvents they contain.



Wettable powders are wusually made by
impregnating an inert powder with an insecticide
or by grinding a dry pesticide into a powder and
then adding a wetting agent so that the powder
particles can be suspended in water. Sprays
made with wettable powders must be constantly
agitated to prevent the large particles from
settling to the bottom of the sprayer. Because
the water used as a carrier of the powder during
application evaporates, most of the insecticide is
left as a residue. However, the powder itself is
quite visible and this residue may be
undesirable. Wettable powders are sold in
strengths from 15 to 80%. As they are not
formulated with solvents, they are preferred over
liquid concentrates for use on plants which may
be injured by solvents. However, during mixing,
wettable powders have a tendency to drift or
blow about. This problem is often addressed by
bagging in water dispursable packets or
granulating into dry flowables.

Flowables are finely ground pesticide particles
suspended in a liquid, usually water based,
carrier. They have the same characteristics as
wettable powders but are easier to handle
during mixing.

Granules commonly contain from 1 to 20% of
the insecticide impregnated onto highly
absorptive materials like days, limestone, corn
cob or nut hull pieces or even fertilizer particles
ranging in size from 30 to 60 mesh. Granules
are heavy. This minimizes drift and prevents
undue loss of insecticide and undesirable
contamination of areas bordering those being
treated. Granules are used mainly for ground
treatment and not on foliage.

Oil emulsions contain an insecticide mixed in a
highly refined oil and are used primarily for the
control of household pests like cockroaches or
wood borers. These formulations are sold in
strengths from 4 to 5% in low-pressure,
atomizertype applicators. These oil solutions
should never be used on plants because the olil
will kill living plant tissue.

Aerosol sprays usually contain a mixture of
several insecticides in a pressurized can. Most
of them contain only a small percentage of
insecticide and are designed for small jobs. Until
recently, aerosol sprays were used mainly for
killing flying pests in the house. Today, many of
the aerosols can be applied to rose bushes and
other outdoor plants. They are not practical for
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large scale use on ornamental plants because
they are rather expensive for the amount of
insecticide contained.

Baits contain a food substance attractive to the
insects, along with an effective stomach poison.
formulations are available for use both inside
and outside the house. In general, they need to
be applied at several intervals to be most
effective.

Fumigants may be purchased in solid or
aerosol forms and are generally used in closed
areas where a lethal concentration of the poison
can be built up in the air. Fumigants are of
limited value for use on ornamental plants,
unless they are grown in enclosed greenhouses
or polyhouses.

Systemic Insecticides/Miticides

A systemic insecticide/miticide is one that is
absorbed by plant tissue and translocated by the
movement of sap from the area treated to
additional parts of the plant. Systemics are
effective against many different kinds of sucking
and chewing insects as well as mites. When
absorbed by the plant, they actually become a
temporary part of it, and as the plant grows the
systemic is distributed to foliage and other
growing areas. This built-in poison may continue
to be a toxic meal to various pests for several
weeks.

One of the advantages of systemics is that when
a plant is growing rapidly, even the new growth
is being protected by the insecticide. Depending
on application method, another good aspect of
systemics is that they have little or no direct
affect on beneficial insects which prey on the
destructive pests feeding on the plant tissue.
Also, systemics in a plant are not subject to
breakdown by environmental factors such as
rain, wind, temperature, and sunlight, at least
not as readily as externally applied materials.
Systemics cannot be used on all kinds of plants
because they may bum foliage.

Systemics are available in granular and liquid
concentrate formulations. Granules may be
broadcast, used as a side dressing, or
incorporated in the soil at planting time. Liquids
may be injected into the soil, watered onto the
surface of the ground, painted or sprayed on
the bark, sprayed on the foliage, or injected into
tree trunks. read to him the names of the active



chemical ingredients; follow his instructions for
first-aid treatment.

Poison information centers are located
throughout the state and are on call 24 hours a
day. In an emergency, you could call the center
closest to you, but it is preferable to let your
doctor consult the center. Most telephone 911
systems can contact poison information centers
directly.

Honey Bee Protection

Honey bees are important pollinators of plants
and every effort possible should be made to
reduce bee losses from pesticide poisoning. Do
not apply pesticides during the bloom period
when bees are likely to be most active on the
plants.

Precautions for Avoiding Plant Injury

1. Do not apply liquid concentrates when
the temperature is above 85 degrees F
(30 degrees C). [Do not apply any spray
when the temperature is above 90
degrees F (32 degrees C).] Wettable
powder formulations are less likely to
cause injury.

2. Do not apply dormant oil sprays if the
temperature is below 40 degrees F (4
degrees C) or where there is danger of
the temperature falling much below this
in the 24-hour period.

3. Do not apply horticultural, summer oils
when the temperature is 80 degrees F
(27 degrees C) or above and high
humidity reduces the chance of the
spray drying within an hour after the
application.

4. Use only the amounts of
insecticide/miticide indicated on the
current pesticide label.

5. Continuous agitation of the spray tank is
necessary to prevent spray materials
from settling out. Recycle contents of

long spray hoses into the spray tank if
enough time has elapsed between
sprayings for the mix to separate.

6. Clean out sprayer after use.
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7. Never use a sprayer that has contained a
weed killer (herbicide) to perform other
pest control activities.

Mist blowers deliver concentrated insecticide to
trees by means of a high volume, high velocity
air stream. The insecticide is diluted primarily in
air rather than in water. Spraying with a mist
blower requires an experienced operator. Plant
injury or poor distribution of the spray on the tree
may result from an improperly operated
machine.

Hydraulic sprayers are satisfactory for tree and
shrub spraying and have been in use for a long
time. Hydraulic machines deliver high gallonage,
high pressure sprays. The spray is delivered
through a specialized spray gun attached to a
pressure hose. This is one of the most common
type of sprayer used in controlling pests of
shade trees.

Buying Equipment

Before buying a piece of spray equipment, keep
in mind the size of the job to be done, kind of
performance desired, kinds and amounts of
insecticides to be used, amount of water needed
per spraying, the size of the plants to be treated,
and amount of money to be spent. If you explain
these facts to a spray equipment dealer, they
will be able to recommend the correct piece of
equipment for the job. Remember that a piece of
equipment is no better than what it costs or the
person who uses it, and all equipment must be
serviced and cleaned frequently.

Accessory Equipment - Measuring equipment
iS necessary to measure accurately the required
amounts of insecticides, thus ensuring better
pest control results and less plant injury. This
equipment includes a 1- quart measuring cup
and a set of measuring spoons. They should be
kept separate from those used in the home or
work place and should be marked in some way
to indicate they are for pesticide measurements
only.

Oils

Oils are petroleum or plant based hydrocarbon
chains which have insecticidal/miticidal activity.
The use of oil to kill insects and mites has been
known to work since the 1700s. However, the
early use of oil usually resulted in killing the



plants as well as the insects. Oil came into
widespread use to control insects and mites
after oil refining techniques were developed
which  would free the petroleum oils of
unsaturated hydrocarbons, acids, and highly
volatile elements. Oil is effective against insects
and mites because it suffocates or causes cell
membrane destruction of the pests that it hits as
well as their eggs. Another advantage of oil is
that no pest has been known to become
resistant to its killing action.

At least three different types of oil are used for
pest control: petroleum, summer or horticultural
oil, petroleum dormant oil and citrus ail.
Petroleum summer or horticultural oil is a
lighter weight oil applied during the active growth
of a plant, when green plant foliage is present.
The dormant oil is usually defined as a heavier
weight oil applied in spring prior to bud break or
in the fall after leaf drop. Citrus oil is usually
added to other pesticide formulations such as
soaps and botanical pesticides.

What makes the identification of oils confusing is
the fact that summer oils can be used as
dormant oils. However, do not use a dormant oil
as a summer oil. The simplest method for
identifying oils is to READ THE LABEL. If the
label only mentions usage on dormant plants, it
is a dormant oil. On the other hand, if the label
mentions using the oil on green, leafy plants
during the growing season, it is a summer oil.

If you don't want to rely only on the label
instructions, there are three oil factors which you
need to evaluate: 1. oil volatility, 2. oil viscosity,
and 3. the unsulfonated residue rating.

Volatility is measured by the distillation
temperature. This is the temperature that the oll
comes out of heated crude oil at the refinery. A
low distillation temperature produces a light oil.
A high distillation temperature produces a heavy
oil. The lighter oils evaporate faster and thus
have less of a chance to cause plant damage
(phytotoxicity). The heavy oils may coat the
plant and either smother the leaves or destroy
some of the cells. The result is phytotoxicity. The
distillation temperature is probably the most
important number to look for on the label.
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Volatility and Oil Usage

Distillation Primary Dosage/100 Gallons

Temperature |Use

412 F Summer 1.5-3 gal.

435 F Summer/ 1'5-2 gal./Summer
Dormant 3-4 gal./Dormant

438 F IIDormant JF2-4 gal.

Viscosity is the flow rate or thickness of an oil.
It is measured by the time it takes a volume of
the oil to flow through a small funnel opening.
The label may say that the oil is a 60 second or
100 second oil. In the past, a lot of emphasis
was placed on getting an 80 second oil or better.
We feel that the volatility rating is more
important.

The unsulfonated residue (UR) rating is an
index of the quantity of oil free from unsaturated
hydrocarbons. Look for oils with a minimum UR
of 92%. Some oils are as high as 99% free.

Some of the better oils, especially summer oils,
have distillation temperatures of 412 degrees F
and UR = 96%.

Even with the best oils, phytotoxicity is always
possible. However, this is the same as with
standard insecticides! The following guidelines

are recommended by most users and
manufacturers of dormant and summer oils:
1. Do not apply the oils when the

temperature is below 40 degrees F (4.4
degrees C) or above 100 degrees F
(37.8 degrees C). If low humidity is
accompanying the high temperature, oils
have less of a chance of causing
damage.

2. Do not apply oils if rain is a possibility or
if the plant tissues are wet. The leaves
must be dry and the oil must have a
chance to evaporate.

3. Avoid spraying or getting drift on oil
sensitive plants.

4. Apply the oil according to the label rates.
Always go light, not heavy.

5. When using dormant oils or high rates of
horticultural oils, do not spray when plant
buds are fully open and shoot elongation
is occurring.



6. Do not spray plants when the humidity is
expected to remain above 90% for 36 to
48 hours.

7. Leaf drop in the fall is not a reliable
method for determining plant dormancy.
It is better to wait until after several light

frosts.
8. Oil sensitive plants are: maples,
hickories, black walnut, cryptomera,

smoketree and many azaleas.

9. Plants tending towards oil sensitivity are:
beech, Japanese holly, redbud, Savin
junipers, Photinia, spruces and
Douglas-fir.

Most of the oil labels contain a list of plants
which are sensitive or tend towards sensitivity.
Read them carefully. Most problems occur
when oils are simply sprayed on everything in
the landscape.

As with all pesticides, use oils only where
needed. They do not need to be used as
general cover sprays. Plants which have a
history aphid, scale and mite problems are the
best ones to target.

Soaps - Fatty Acid Salts

Soaps are made from fats reacted with a strong
lye to form potassium or sodium salts of the fatty
acid components. Fatty acid chains containing
6-10 carbon atoms have insecticidal/miticidal
activity. These soaps, often called insecticidal
soaps, apparently disrupt the respiratory
systems and disrupt cell membranes.

Currently available soap products usually
contain soaps derived from plant fats and oils.
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These are often considered "organic" in origin
and are considered usable by most organic
gardeners.

Mammalian toxicity: Insecticidal soaps have
the same general mammalian toxicity traits of
any soap or detergent. Contact with mucus
membranes, such as eyes or mouth, may cause
temporary irritation or a burning sensation.
Ingestion may cause vomiting and general
gastric upset, but this normally results in no
serious consequences. Some insecticidal soap
concentrates contain up to 30% ethyl alcohol
which can cause intoxication at doses above
several ounces; however, vomiting is likely to
clear most of the alcohol from the system before
it is fully absorbed.

Some insecticidal soap products contain
additional insecticidal compounds such as
pyrethrins or citrus oils. These alterations
change the overall toxicity levels.

Uses: Insecticidal soaps are used as contact
pesticides to control a wide variety of insects
and mites. Generally, soft bodied insects such
as aphids, caterpillars, scale crawlers,
leafhopper nymphs, mealybugs, thrips and
whiteflies are the best targets. However, some
products claim efficacy against Japanese beetle
and flea beetle adults.

Soaps are commonly used in more
environmentally sensitive areas such as around
houses, in interiorscapes and where organic
pesticides are requested.

Caution: Common household soaps and
detergents have insecticidal properties when
applied as 1-2% solutions in water. However,
these compounds are not registered for this
purpose and plant injury may occur.



Chapter 3

Insect Pest of Ornamentals

Aphids On Trees And
Shrubs And Their Control

HYG-2031-90
David J. Shetlar

Pea aphids (female) wingless and winged

Aphids are small (1/16-1/8 inch long), soft
bodied insects commonly called plant lice or ant
cows. Virtually every plant has at least one
aphid species that attacks it. These small
insects are masters of reproduction and are
often found in great numbers on stems or
leaves. Some species even feed on the roots of
plants. They range in color from green to brown,
red, black or purple. Some species may even
have different color forms in the same colony.
Most have the soft exoskeleton exposed, but
some species produce waxy, cottony strands
which cover the body. These are often called
woolly aphids.

Aphids are identified by their sucking
mouthparts, long, thin legs, long antennae, pear-
shaped body and pair of tube-like structures
(called cornicles) arising from the posterior of
the abdomen. A hand lens may be needed to
see the short cornicles of some species. These
cornicles apparently are the ducts of glands that
produce alarm odors. Aphids may be winged or
wingless and colonies often have both forms.
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Aphids excrete a sugary liquid called honeydew.
This honeydew drips onto plant foliage or other
structures and provides a suitable place for
black sooty molds to grow. Ants often tend or
care for aphids in return for the honeydew.
Therefore, if ants are running over a plant, look
carefully for aphids.

Types of Damage

Each plant reacts differently to aphid attacks.
Some plants show no response to the aphids,
while other plants produce distorted (twisted,
curled or swollen) leaves or stems.
Occasionally, aphids may actually kill leaves or
small shoots. Since aphids may move from one
plant to another, they may transmit plant
diseases which contaminate the sucking
mouthparts.

Probably the most common disturbance caused
by aphids is their never-ending production of
honeydew. This sweet liquid drips onto plant
foliage and stems and is soon covered with
black sooty mold. Cars, sidewalks, and lawn
furniture under trees with aphids are also
covered with this sticky fluid. Ants, flies and
wasps appreciate the sugary meal and can
become a nuisance of their own. Even though
plants may look bad from the growth of sooty
molds, these fungi do not damage the plant
tissues. Once the aphids disappear, the
sooty mold often dries up and falls off the
plant.

Life Cycles and Habits

Though aphids belong to the group of insects
with simple life cycles, many species have very
complex life histories. They can be conveniently
grouped into three types: 1) those with single
hosts and asexual reproduction, 2) those with
single hosts and asexual alternating with sexual
reproduction, and 3) those with alternating hosts
and alternating asexual and sexual reproduction.

Aphids with simple life histories live on one plant
species or a group of related plants. The
females give live birth (ovoviviparous) to tiny
female nymphs that start sucking sap



immediately. After shedding their skin several
times, the nymphs reach adulthood and soon
produce new aphids. A complete cycle may take
only 10-14 days. As the colonies grow, winged
forms may be produced that seek out additional
host plants. Some of these species may lay
eggs, asexually, in the fall, which overwinter.

The next group again lives on one plant or group
of plants, but alternates from the spring asexual
form of reproduction to a fall sexual cycle.
Generally, these aphids overwinter in the egg
stage. The egg hatches in the spring into a
female called the "stem mother." This female
gives live birth to female aphids. Asexual
reproduction continues with wingless or winged
forms being produced. In late summer or fall, the
asexual reproducing females produce sexuals,
males and females. These sexual forms mate
and lay eggs for overwintering.

The most complicated aphid life cycles include
not only alternation from asexual to sexual
reproduction but also a switch of host plants.
The spring and summer asexual forms live on
one host but fly to an alternate plant for the
production of the sexual forms. The sexual
forms, after mating, return to the spring host
plant to lay eggs.

The important things to remember about aphids
is that they are tremendous reproducers, and
with their ability to fly, tend to constantly reinfest
plants.

Control Tactics

Most aphid attacks merely cause temporary
aesthetic damage to plant material. In fact, most
of the species with complicated life cycles use
the alternation of hosts to escape the numerous
predators, parasites and diseases associated
with a sedentary life. Therefore, unless
significant damage is occurring or the aphids are
dropping honeydew on cars and lawn furniture,
control is not necessary.

Strategy 1: Cultural Control - Syringing

Use a hard jet of water from the hose to dislodge
the aphids. Periodic syringing will keep the
populations from doing much damage and allow
the parasites and predators to build up to
effective levels.
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Strategy 2: Cultural Control — Plant
Resistanc

Many trees, shrubs and flowers have resistance
to aphids. Observe those plants in the
neighborhood to identify those that seem to be
annual "aphid food" and those that never seem
to be bothered. Select the resistant types for
your own yard.

Strategy 3: Biological Control - Encourage
Predators and Parasites

Lady beetles, green lacewings, hover flies, and
parasitic wasps commonly do a good job of
aphid control if they are not killed with
insecticide applications or if ants are not allowed
to tend the aphid colonies. If ants are tending
aphids on a plant, place a ring of insecticide dust
or diatomaceous earth around the base of the
plant. If the plant has to be sprayed with an
insecticide, use a "softer" material such as
horticultural oil (1.5-2.0 percent) or an
insecticidal soap. These materials tend to cause
less harm to the beneficials.

Strategy 4: Chemical Control - "Soft
Pesticides"

Since most aphids are soft-bodied insects,
horticultural oils and insecticidal soaps seem to
provide good control. Thorough coverage is
needed since these products have contact
activity only. Request a fact sheet on
horticultural oils for information on product
specifications, tolerant plant materials and rates.

Strategy 5: Chemical Control - Contact
Insecticides

Numerous contact insecticides are registered for
aphid control. Since aphids are often placed
under considerable pesticide pressure in field
crops and greenhouses, they may be resistant
to certain categories of insecticides. Therefore, if
you do not obtain reasonable control, consider
rotation to another insecticide. Contact
insecticides currently registered for aphid control
include: acephate (Orthene), bendiocarb (Ficam,

Turcam)(*), bifenthrin (Talstar), chlorpyrifos
(Dursban), cyfluthrin  (Tempo)(*), diazinon,
endosulfan (Thiodan) *), fenitrothion
(Pestroy)(*), fluvalinate (Mavrik)(*), lindane,
malathion, nicotine sulfate, pyrethrum,
permethrin  (*), rotenone, resmethrin, and

tetramethrin + sumithrin.



Strategy 6: Chemical Control

Insecticides

- Systemic

Several systemic insecticides are useful in aphid
control. Aphids have sucking mouthparts and
are thus very susceptible to pesticides located in
the plant vascular system. Some of the systemic
insecticides also have contact activity.
Systemics injected or applied to the ground are
less harmful to beneficial insects. Systemic
insecticides  include: acephate (Orthene),
dicrotophos (Bidrin)(*), dimethoate (Cygon)(*),
disulfoton (Di-Syston)(*), oxamyl (Vydate)(*),
oxydemeton-methyl (Metasystox-R)(*). * =
Restricted Use Pesticide

NOTE: Disclaimer - This publication may contain
pesticide recommendations that are subject to
change at any time. These recommendations
are provided only as a guide. It is always the
pesticide applicator's responsibility, by law, to
read and follow all current label directions for the
specific pesticide being used. Due to constantly
changing labels and product registrations, some
of the recommendations given in this writing
may no longer be legal by the time you read
them. If any information in  these
recommendations disagrees with the label, the
recommendation must be disregarded. No
endorsement is intended for products
mentioned, nor is criticism meant for products
not mentioned. The author and Ohio State
University Extension assume no liability resulting
from the use of these recommendations.

Bagworm and Its Control

HYG-2149-90

D.J. Shetlar

The common bagworm, Thyridopteryx
ephemeraeformis (Haworth), is an interesting
caterpillar. The most commonly observed form
of this pest is the spindle-shaped silk bag
camouflaged with bits of foliage, bark and other
debris (Fig. 1). Completed bags range from 1-
1/2 to 2-1/2 inches long. The larva within the bag
is brown or tan, mottled with black, and the bee-
like adult males have clear wings and fur
covered bodies. The females remain larva-like
and do not emerge from the bag. The larva may
stick its head and front legs out of the top of the
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bag to feed and move. When disturbed, the
larva immediately pulls its head into the bag and
holds the opening closed. Mature larvae may
stay on their host plant or drag their bags some
distance before firmly attaching the bag for
transformation into the adult stage.

The bagworm occurs in the eastern United
States from New England to Nebraska and
south through Texas. The larvae seem to prefer
arborvitae and red ceder but many other
conifers and deciduous trees are attacked.
These include: pine, spruce, cypress, juniper,
willow, black locust, sycamore, apple, maple,
elm, poplar, oak, and birch.

Figure 1. Adult male bagworm (1.5X) mature bag
(lifesize)

A relative of the bagworm is the grass bagworm.
This tiny caterpillar feeds on grasses and makes
one-inch long silk bags with pieces of grass
attached (Fig 2). When the grass bagworms
pupate, the larvae may attach their bags to
fences or the sides of buildings. No damage is
done to the turf.



Figure 2. Grass bagworm case attached to wall
(2X)

Types of Damage

Bagworm females cannot fly and local
populations can build rapidly when established
on preferred hosts, especially arborvitae, cedar
and juniper. Crowded larvae may eat the buds
on these conifers causing branch dieback and
open, dead areas. Excessive defoliation of these
conifers may cause entire plant death during the
following season. Moderate defoliation is
unsightly. This pest rarely builds up large
populations in forested areas.

The mature larvae usually attach their bags to a
branch by wrapping extra silk, which does not
decay rapidly. This band of silk may girdle the
branch as it grows, resulting in dead branches
several years later. Be sure to cut off this silk
band when removing bags from a plant.

Life Cycle and Habits

Bagworms have a single generation per year
and overwinter as eggs inside the female bag.
There may be 300-1000 eggs in a bag. The
eggs delay hatching until late-May or early-June.
As they hatch, the small blackish larvae crawl
out the bottom of the bag and spin down on a
strand of silk. These larvae on a string are often
picked up by the wind and ballooned to nearby
plants. When a suitable host plant is found the
young larva immediately begins to form a new
bag over its body. This bag is only about 1/8
inch long and is soon covered with sawdust-like
fecal pellets.

As the larva feeds and grows it enlarges the bag
and begins to incorporate bits and pieces of
plant material. By mid-August, the larvae are
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mature and they often move to a sturdy branch
or other structure where they attach the bag
firmly with a strong band of silk. The larvae
orient themselves with their heads down and
pupate. The female pupa looks much like the
larva while the male forms characteristic wing
pads and other adult-like structures. Within four
weeks the males emerge and actively fly about
in search of females. Mature females call by
releasing a sex attractant pheromone. After
mating the female literally mummifies around the
egg mass ,which remains in place until the next
spring.

Control Measures

Bagworms are difficult to control because they
are often unnoticed until mature. Mature larvae
will often pupate early if they detect pesticides
on the plant foliage. Though there are a few
known parasites and predators, they are often
not adequate in urban habitats.

Option 1 - Cultural Control-Mechanical Hand
Picking

If the bags are few in number and easily
reached they may be picked off the plant and
squashed. This can be done easily in the late fall
when deciduous foliage has been dropped or
the bits of plant material on the bags turn brown
and can be easily located on evergreens. Be
sure to cut the attachment silk band so that the
branch will not be girdled in the future.

Option 2 - Biological Control-Use the
Bacterial Spray Bt

The bacterium, Bacillus thuringiensis (Bt), is
effective against bagworms if it is used against
young larvae. Applications should be made at
the end of June after all the eggs have hatched
and the larvae are through ballooning.

Option 3 - Chemical Control-Insecticide
Sprays

Stomach insecticides are very useful for control
of bagworms. Remember that the plant foliage is
to be thoroughly covered because the larvae are
protected from contact by being in the silk bag.
Again, early sprays against young larvae are
more effective than later applications. Products
registered for bagworm control are: acephate

(Orthene), bendiocarb (Ficam, Turcam)(*),
bifenthrin (Talstar), carbaryl (Sevin), chlorpyrifos
(Dursban), cyfluthrin ~ (Tempo)(*), diazinon,



dimethoate (Cygon), fluvalinate (Mavrik)(*),
malathion, nicotine sulfate, pyrethrum,
permethrin (Pounce)(*), rotenone and trichlorfon
(Dylox, Proxol)(*).

Option 4 - Chemical Control-Timed Sprays
Using Degree-Day Emergence

Using a base temperature of 14.4 degrees C
(57.9 degrees F) the median first emergence is
380 DD base 14.4 degrees C (716 DD degrees
F) and the median last emergence is 572 DD
base 14.4 degrees C (1062 DD degrees F).
Allow for an extra week of ballooning after the
last emergence mark has been reached before
applying Bt or an insecticide. A less precise
degree-day model uses a 50 degrees F base
which calculates last emergence around 900 DD
units.

* = Restricted Use Pesticide

This publication contains pesticide
recommendations that are subject to change at
any time. These recommendations are provided
only as a guide. It is always the pesticide
applicator's responsibility, by law, to read and
follow all current label directions for the specific
pesticide being used. Due to constantly
changing labels and product registration, some
of the recommendations given in this writing
may no longer be legal by the time you read
them. If any information in  these
recommendations disagrees with the label, the
recommendation must be disregarded. No
endorsement is intended for products
mentioned, nor is criticism meant for products
not mentioned. The author, The Ohio State
University and Ohio State University Extension
assume no liability resulting from the use of
these recommendations.
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Birch Leafminer And Its
Control

HYG-2035-91

David J. Shetlar
James A. Chatfield

The birch leafminer, Fenusa pusilla (Lepeletier),
is a small sawfly native of Europe that was first
detected in Connecticut in 1923. It has since
spread throughout northeastern North America.
The larvae of the sawfly make blotch mines in
the leaves of most birches (Betula). Severe
damage may occur to paper birch (B.
papyrifera), gray birch (B. populifolia), and
European white birch (B. pendula). Black birch
(B. lenta), yellow birch (B. alleghaniensis), river
birch (B. nigra) and monarch birch (B.
maximowicziana) are less susceptible.

The adult sawfly is a small, 1/4 inch long, black,
fly-like wasp. The larva is very flat, lives within
birch leaves and is white with three black spots
on the lower surface.

Type of Damage

Damage to birch trees is done by the larval
stage as it feeds between the upper and lower
layers of the leaves. This feeding produces large
blotch mines in the leaves. Often, several larvae
will completely mine a single leaf. Multiple
generations and high populations can cause
damage to almost every leaf by mid-summer.
The mines turn brown and will cause the tree to
look dead with wilted brown leaves. This forces
the tree to refoliate and reduces its ability to
produce food for growth. This damage may also
make the trees more susceptible to bronze birch
borer attack. Though the adult birch leafminers
are related to wasps, they do not have a sting.



Figure 1. Birch leaf damage. Early mines on
left and late mines on right.

Life Cycle and Habits

Mature larvae overwinter in the soil under host
trees. When the soil warms in the spring these
prepupae pupate, usually in April, to transform
into the adult stage. Within a few weeks the
adult sawflies dig out from their earthen cells
and fly to the newly expanding foliage of birches.
The small black adults prefer to mate and
oviposit on the upper leaves, especially in sunny
areas. Mated females use their needle-like
ovipositor to punch a hole in the leaf and lay
eggs. Often the female withdraws the ovipositor
without laying an egg. The damaged spot may
turn brown as the leaf expands and hardens.
The eggs are often visible in the tissues
between the major leaf veins. They may appear
as small raised spots on the leaf surface. Within
7 to 10 days the eggs hatch into tiny flattened
larvae with wide front segments. These larvae
produce a blotch mine that may join with others.
The old mines may contain considerable
amounts of dark fecal pellets. The larvae mature
in 14 to 20 days and are about 1/4 inch long. By
this time the larva have the diagnostic small
black square marks on their lower surface.
Mature larvae cut a hole in the leaf epidermis
and drop to the ground. Here they dig one to two
inches into the soil to form a pupation chamber.
Birch leafminers usually produce two to three
generations a summer.
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Figure 2. Adult Birch Leafminer (X5)

Figure 3. Birch Leafminer Larva.
Underside View (X5)

Control Strategies

Birch leafminers prefer sunny areas but will
attack susceptible trees almost anywhere.
Birches tolerate leafminers best when they are
planted in shady, cool, moist areas. Since birch
leafminer attacks may weaken the trees, making
them more susceptible to borer attack, good
fertility and horticultural care are needed. When
chemical controls are needed, control of the first
generation will generally eliminate any need for
additional applications.

Option 1: Cultural Control - Pupation Barrier

Since the larvae must find soil for pupation,
place a black plastic or tightly woven fiber mulch
under the tree drip line. Lightly mulch with
organic material so that drying can occur rapidly.

Option 2: Cultural Control - Resistant
Birches

Unfortunately, the birches with the finest white
bark seem to be more susceptible to the birch
leafminer. The river birch (B. nigra) and
Dahurian birch (B. davurica) have bark with curly
flakes and seem to be resistant to bronze birch
borers as well as the leafminers. Other birches
resistant to leafminer attack are Schmidt birch
(B. schmidtii), Monarch birch (B.
maximowicziana), black birch (B. lenta) and
yellow birch (B. alleghaniensis).



Option 3: Chemical Control - Insecticides for
Adult Control

Several insecticides have activity that kill adults.
Although the first generation adults are active
when the new leaves are about half expanded,
emergence may take place over several days. In
Ohio, birch trees are usually attacked by the first
generation of leafminers during the first two
weeks of May. Contact insecticides may need to
be re-applied every 5 to 10 days depending on
their residual activity. Systemic insecticides may
not need re-application if their residual activity
period is more than 14 days. Pesticides that act
against the leafmining larvae are generally more

effective. Contact and stomach insecticides
registered include: bifenthrin  (Talstar)(*),
carbaryl ~ (Sevin), chlorpyrifos  (Dursban),
diazinon, fenitrothion (Pestroy)(*), malathion,

permethrin (Pounce)(*), phosmet (Imidan)(*) and
lindane.

Option 4: Chemical Control - Systemic
Insecticides for Larval Control

Systemic  insecticides, especially easily
translocated materials, can be applied to the
foliage, by soil injection or injected into the tree.
Stem or trunk injection is not recommended on a
regular basis because of the tissue damage
caused by the hole drilling. Attempt to control
the first generation of larvae when the mines or
eggs are first apparent. Systemic insecticides
registered for control are: acephate (Orthene),
dimethoate (Cygon)(*), disulfoton (Disyston)(*),
oxydemeton-methyl (Metasystox-R)(soil injection
only)(*).

* Restricted Use Pesticide

Option 5: Chemical Control - Timed Sprays
Using Degree-Days (DD) or Plant Phenology

Using a base of 50 degrees F, the first
generation of larvae should be susceptible to
control between 190-290 DD. This is the time
that Vanhoutte spiraea and horsechestnut are
beginning to bloom.
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Black Vine Weevil (and
other root weevils) And
Their Contol

HYG-2016-95
David J. Shetlar

The black vine weevil, Otiorhynchus sulcatus
(Fabricius), has been reported as being
accidentally imported from Europe and was first
detected in Connecticut in 1910. However, there
is evidence in the scientific literature that this
species was actually detected in the 1830's. It
was probably introduced along with some plant
material brought from Europe. Mainly through
movement of ornamental plants, the black vine
weevil has been spread across much of northern
North America from Maine to the Carolinas and
west to Washington and Oregon. It occurs in all
counties in Ohio.

There are two close relatives of the black vine
weevil, the strawberry root weevil, O. ovatus
(Linneaus), and the rough strawberry root
weevil, O. rugosostriatus (Goeze). All of these
weevils are collectively called root weevils
because their larvae feed on a variety of plant
roots. The strawberry root and rough strawberry
root weevils are often found in seedling
nurseries, nursery poly-houses and occasionally
in small fruit farms. Neither is very important in
the landscape in Ohio.

Plants Attacked

Adult black vine weevils will feed on over 100
different kinds of plants including trees, shrubs,
vines and flowers. The preferred hosts seem to
be Taxus (yews), hemlock and various
rhododendrons. Taxus capitata seems to be
particularly susceptible to attack. This pest is



often called taxus weevil by the nursery industry.
It commonly infests containerized perennials in
greenhouse and polyhouse production settings.
Occasionally, adults and larvae will attack potted
house plants, especially ones placed on the
porch for the summer.

Damage

Adults that feed along leaf margins produce
typical crescent shaped notches. Careful
searches should be made to try and locate
specimens since several other weevils and
some caterpillars can produce this same type of
notching. Moderate to light notching seems to
have little effect on plant health. The legless
larvae prefer to feed on young tender roots of
Taxus, rhododendrons and hemlock. If young
roots become scarce or the soil becomes overly
moist the larvae will move to large roots near the
base of the plant. Large larval populations or
moist soils cause feeding on the plant stem and
the plant may be girdled.

Injury to Taxus has appeared throughout Ohio,
particularly in northeastern counties where
nurseries are located on sandy loam soils. This
pest can also reach epidemic populations in
polyhouses where liners and perennials are
being grown. Occasionally, hundreds of field
grown plants are killed with dramatic
suddenness. Perennial producers occasionally
open their polyhouses in the spring, only to find
that many of the plants are dead because all
their root systems have been eaten away.

Description and Life Cycle

Black vine weevils are oblong oval in shape,
about 1/2-inch long and have a short, broad
snout with elbowed antennae. The body is slate
grey to blackish brown and the wing covers have
numerous small pits and short hairs. This pest is
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difficult to distinguish from other Otiorhynchus
weevils. The strawberry root weevil is usually
half the size of the black vine weevil, and more
brown in color. The rough strawberry root weevil
is only slightly smaller than the black vine weevil
but the collar just behind the head, the
pronotum, is heavily pitted. Only females are
known in North America, and only one
generation occurs outdoors annually in Ohio.

Female weevils emerge from soil pupation
chambers late May to early July. These weevils
must feed on plant material for 21 to 45 days
before they are ready to lay eggs. After the
preoviposition period has passed, the females
place several eggs each day into the soil or leaf
litter nearby suitable host plants. The weevils
hide during the daytime at the base of plants or
in mulch and leaf litter near food plants. Adults
may live 90 to 100 days and usually lay 200
eggs during this time. The eggs hatch in two to
three weeks and the small C-shaped, legless
larvae feed on plant rootlets. The larvae grow
slowly over the summer, molting five to six
times. By late fall the larvae have matured and
are about 5/8-inch long. The mature larvae enter
a quiescent prepupal stage in an earthen cell
and pupate the following spring. A single
generation occurs each year.

These weevils can not fly but they are very
active walkers. They are easily transported in
potted plants or transplants using a soil root ball.

In the warmth of house plant pots or nursery
polyhouses, the larvae may pupate in
January or February and the adults emerge
in March or April.

These weevils are difficult to control once
established because of their nocturnal behavior,
the subterranean habits of the larvae, and the
lack of natural predators or parasites.

Strategy 1: Habitat Modification - Egg and
larval survival is helped when soil moisture is
moderate to high in July and August. Heavy
mulches also help maintain critical moisture
levels. Remove excessive mulch layers and do
not water plants unless necessary. Excessively
damp soils in the fall also force larvae to move
up the base of the plant where girdling can
occur. Properly maintain rain down spouts and
provide for adequate drainage of soil around
plants.



Strategy 2: Biological Control Using Parasitic
Nematodes - The entomopathogenic
nematodes, Steinernema and Heterorhabditis
spp., have been effective for controlling black
vine weevil larvae, especially in potted plants.
Sufficient water must be used during application
to wash the infective nematodes into the soil and
root zone. If the nematodes are to be used in
landscape plantings, remove a much of the
mulch as possible and thoroughly wet the
remaining thatch and soil before and after the
nematode application. Applications of the
nematodes in landscapes has produced variable
results.

Strategy 3: Soil Drenching with Insecticides -
This technique has not worked well for larval
control unless moderately soluble, long residual
insecticides are used. Most pesticides get bound
up in the organic matter under plants and never
reach the larvae. Complete drenching of potted
plants has been effective. See Bulletin 504 for
currently registered pesticides that can be used
in this manner.

Strategy 4: Foliar Sprays of Insecticides —
Since the adults are active after dark, the most
common method of control is to place a stomach
poison on susceptible plant foliage. Because
adults are active for a long period, several
sprays may be needed. Early applications are
encouraged so that adults are affected prior to
their egg laying period. See Bulletin 504 for a
listing of currently registered pesticides.
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The bronze birch borer, Agrilus anxius Gory, is a
small slender beetle that is slightly less than 1/2-
inch in length. Its larva is one of the most
devastating pests of white-barked birches in
Ohio. The larval stage feeds just under the bark
of birch trees. When this larval feeding girdles a
branch or tree, the result is sudden wilting and
death.

This native North American insects occurs on
birch from Newfoundland to British Columbia
and south to West Virginia, Ohio, Colorado,
Idaho and Oregon.

Plants Attacked

The larvae have been recovered from most birch
species but European white birch (Betula
pendula), water birch (B. occidentalis), paper or
canoe birch (B. papyrifera), and yellow birch (B.
alleghaniensis) seem to be the most preferred
hosts.



Initial damage is usually discovered when the
top part of a birch tree suddenly wilts and dies.
This happens when a larva girdles one of the
upper branches. Careful examination of
branches and the trunk usually reveals raised
ridges or bumps, commonly referred to as
"gouting” of the branches. These are ridges
formed when a larval tunnel is closed in by
callous tissue of the tree.

Often, D-shaped holes are found in the bark and
these may be stained with rust colored sap.
These holes are emergence holes made by
adult beetles.

Heavy attacks and continued reinfestation
results in most of the branches dying from the
top down. Eventually the trunk is girdled and the
entire tree dies.

Description and Life Cycle

Adult bronze birch borers are rarely observed
because of their secretive behavior and rapid
flight ability. The adults are slender, dark olive-
bronze in color with a bright green iridescence
underneath the wing covers. Males are usually
about 3/8-inch long, while females may reach
1/2-inch in length. Most adults have a short
white colored dash on the sides of the wing
covers.

The larva is atypical of most flat-headed borers
in having the segment behind the head only
slightly wider than the body. The slender, cream-
colored larvae have two short spines
(urogomphi) at the tip of the abdomen. Newly
hatched larvae are about 1/16-inch long while
mature larvae may be 3/4 to 1 1/4-inch long and
3/32-inch wide.
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Adults generally emerge from mid-May to mid-
June in southern Ohio. In northern Ohio, adults
may emerge into late June. Emerging adults
leave characteristic D-shaped holes in the bark.
The adults feed on leaf margins for several days
before eggs are laid. Mating and egg laying
activity is usually located on the sunny side of
trees. Mated females seek out crevices in the
bark, especially around branch scars.
Occasionally eggs are placed under loose flakes
of outer bark or around wounded areas. The
oval eggs are creamy white when new but turn
yellowish with time. The hatching larvae burrow
through the attached egg shell directly into the
bark within 10 to 14 days. The larvae generally
bore in the cambium area but occasionally move
into sapwood. The larvae usually feed laterally
around the branch and tunnel in a zig-zag
manner. Most larvae mature by late fall and form
elongate pupation cells just beneath the bark.
Farther north, many larvae overwinter and take
a second year before maturing. Pre-pupae rest
over winter in the pupal cell in a doubled-up
position. Pupation occurs in late April into May

Control Hints

As with most wood boring insects, the bronze
birch borer is extremely difficult to control,
especially if an infestation is established. This
pest seems to prefer birches located in
unsuitable habitats. Birches generally grow in
shady, cool and moist wooded areas. Thus,
when birches are planted as an accent plant in
sunny, dry urban lawns, they are rapidly
attacked.

Strategy 1. Provide Proper Habitat for Birch
Growth - If a birch is deemed necessary for
urban landscape planting, select shaded and
semi-moist areas. Use the north and east sides
of buildings. Proper fertilization and control of
aphids and leafminers will help keep the birch
vigorous and better able to withstand borers.

Strategy 2. Use Birches Less Susceptible to
Borers - Though they do not have pure white
bark, river birch (B. nigra) is quite resistant to
attack and gray birch (B. populifolia) is
moderately resistant. However, gray birch is
very susceptible to leaf miners and river birch is
attacked by leaf aphids. Probably the best
species is the Monarch  birch (B.
maximowicziana) which has white bark on older
trees and is only moderately susceptible to
leafminers and aphids.



Strategy 3: Preventive or Protectant
Insecticide Applications by Calendar Dates -
Susceptible birches are rapidly attacked in
sunny areas and generally require regular
annual protectant insecticide applications.
Protectant surface sprays are applied to the tree
bark so that residual insecticide is present to Kill
larvae hatching from eggs. This must be done
before eggs are laid and reapplications are
needed if adults lay eggs over extended periods.
A thorough drenching of the larger branches (1
1/2-inch diameter or larger) and trunk is needed
to insure the formation of the insecticide barrier
under loose bark and inside bark cavities - areas

where eggs are usually attached. Systemic
insecticides - sprayed, soil drenched, or injected
- are applied to kill feeding adults and young
larvae entering the cambium area. In Ohio,
protectant sprays should be applied by early
June and possibly again in early July. See
Bulletin 504 for currently registered insecticides.

Strategy 4: Preventive Applications Timed by
Degree-Days - An adult emergence model for
bronze birch borers has been developed using a
10_C base and an April 1 start date. The model
gives the following predictions:

% Emergence Degree-Days @10 degrees C [30-year average date for Columbus, OH

10 233
30 264
50 287
70 312
90 353

Strategy 5: Systemic Insecticide Application to
Control Active Borers - This technique may
reduce damage but often considerable damage
has already occurred. True phloem/xylem
flowable systemics may be applied - sprayed,
soil drenched, or injected - to kill actively feeding
larvae. This is generally only effective from late
June to mid-September. Spring and late fall
applications are not effective because the larvae
are usually not feeding and have entered their
pupal chambers. See Bulletin 504 for currently
registered insecticides.

Cottony Maple Scale and Its
Control

HYG-2019-95

David J. Shetlar
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May 27
May 30
June 2
June 5
June 9

The cottony maple scale, Pulvinaria
innumerabilis (Rathvon), is a highly modified
insect pest that commonly attacks silver and red
maples in Ohio. The scales are usually first
noticed when the females produce an egg sac
which appears as a 1/4 to 1/2-inch long ball of
cotton. Heavy infestations can result in branches
being turned completely white with the egg sacs.
Like most scale insects, the nearly mature
insects, the adults and the eggs are resistant to
pesticides and the anxious tree owner must wait
until the correct time for management.

Plants Attacked

Cottony maple scales reach epidemic numbers
on silver maple but noticeable populations can
occur on red maple. It is also known to be able
to survive on other species of maple, honey and
black locust, white ash, euonymus, oak,
boxelder, dogwood, hackberry, sycamore,
beech, elm, willow, basswood, and poplar.

Damage

Normally, this scale is a mere curiosity and
nuisance. The white egg sacs easily attract
attention and the developing scales produce
honeydew. Honeydew is the excess water and
sugar excreted by many plant sap-feeding
insects. Honeydew is commonly mistaken for



"plant sap” being dropped on cars, sidewalks
and lawn furniture lying under trees. When
honeydew collects on leaves and branches,
bees, wasps and ants are attracted to the area.
If the honeydew is allowed to remain, molds
called "sooty fungus" grow on the material,
turning the surface a gray-black color.

Occasionally, heavy outbreaks of this scale
occur, usually on weakened or stressed trees.
These outbreaks can cause the death of
numerous small branches and occasionally the
death of a tree.

Description and Life Cycle

Mature cottony maple scales are small, flat,
oval, brown insects without obvious legs,
antennae or wings. They are firmly attached to
the twigs and branches of various trees and may
be 1/4 to 3/8-inch in diameter. At maturity, the
females produce the white, cottony egg masses
(called ovisacs) over a period of several weeks.
The "cotton" is really waxy threads and the
ovisac may contain over 1,500 eggs. These
eggs hatch from mid-June to August and the
young nymphs are called scale crawlers. These
microscopic crawlers are small, flat, oval insects
with two distinct eyes, short antennae and tiny
legs. The crawlers walk onto the leaves and
tend to attach alongside the major leaf veins,
usually on the underside. Here, the nymphs
produce copious amounts of honeydew and
grow by molting once. By this time the scales
look like two different kinds, a translucent white
to pink form and a larger, flat, tan form. These
are males and female scales, respectively. In
September, the male scales emerge as tiny
winged gnat-like insects that move around on
the leaves in search of females. After mating,
the males die and the females soon withdraw
their mouthparts and crawl back onto small twigs
and branches. Here, the reinsert their
mouthparts and settle down for the remainder of
their life. These females first appear greenish
with a white powdery coating and they are about
1/8-inch long. By winter, they have turned buff in
color and in the following spring and early
summer they turn a chestnut-brown. When the
sap begins to flow in the spring, the females
continue to grow and they again produce
considerable amounts of honeydew. By late May
to early June, the females have matured and
they begin to produce their ovisacs.
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Control Hints

This pest has numerous parasites and predators
that normally keep its populations in check.
However, every few vyears, these natural
controls seem to fail and the cottony maple
scale can reach epidemic proportions.
Unfortunately, weak trees can be severely
damaged during these outbreak years. Healthy
trees often loose a few small branches and have
no apparent long term problems. What makes
management of this scale more difficult is the
fact that insecticide applications may actually
cause the scale problem to continue longer than
normal. This is caused by poor timing of a
pesticide application that Kkills most of the
parasites and predators but allows survival of
the resistant scale stages.

Strategy 1: Cultural and Biological Control —

Silver maples in restricted street lawns or
suffering  other stresses from  drought,
compacted soils, poor fertilization, etc. are the
ones most likely to exhibit major branch or
crown dieback. Improving the tree growing
conditions will significantly help the trees survive
the cottony maple scale attacks until the natural
predators and parasites build up to effective
levels. The most important predators are several
black lady beetles that have two red spots on
the upper surface. The most common one,
Hyperaspis signata, has a larva that looks like a
mealybug. Both the adults and larvae enter
ovisacs to dine on the egg masses. This causes
the ovisacs to have a very tattered look by mid-
July. All of these lady beetles continue to dine
on the nymphs that settle on the leaves. The
settled nymphs are also attacked by several tiny
wasps. These lay eggs in the nymphs and their
developing larvae devour the pest from the
inside out. Affected scales often turn brown or
black and have tiny round emergence holes on
their back surface.

Strategy 2: Use "Soft" Pesticides —

Soaps and horticultural oils can be very effective
in managing the freshly settled crawlers. These
materials also have a minimal adverse affect on
the adult lady beetles and parasites already in
settled crawlers. Insecticidal soaps or 1.5%
horticultural oil must be applied thoroughly to the
leaves, both to the underside and upper
surfaces, in order to kill the scales. Soaps and



